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Investigating Fourier Coefficient Relationships of
Cepheids Variable Stars
Forrest Cronin & Dr. Siobahn Morgan
Department of Earth and Environmental Sciences, University of Northern Iowa

Abstract
Cepheid stars are valuable due to their usefulness in determining distances within our galaxy, and to other galaxies. Cepheid stars’ light variation can be parameterized using a Fourier series
with coefficients Ai and 𝜙i. Fourier coefficients have been shown to have trends linked to physical characteristics of Cepheids and RR Lyrae stars, such as luminosity, radius, pulsation modes
and metallicity. Using data from the OGLE III and IV surveys, we determined relationships between Fourier coefficients in different photometric system and observed the influence of
metallicity on the Cepheids in the Small Magellanic Cloud and the Large Magellanic Cloud. The results obtained for each galaxy will be compared with each other and with data from prior
studies to provide a more complete overall picture of trends observed in the Fourier coefficients for Cepheids.

IIntroductionI
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Cepheid stars are important to study because of their ability to help
determine distances both within and beyond our galaxy. Cepheids
are useful in determining the value of the Hubble Constant, which
helps measure the scale and age or the Universe. Cepheids were
also used by Bhardwaj & Ngeow (2015) to compare stellar pulsation
code models to observations, in an effort to improve stellar
computer models.
In 1981, a relationship between Fournier coefficients and light
curves of Cepheids was found by Simon and Lee. The sequence that
they found is:

𝑉 𝑡 = 𝐴0 + σ𝑛𝑖=1 𝐴𝑖 cos 𝑖𝜔𝑡 + ϕ𝑖
where Ai and 𝜙i are Fourier coefficients of the fit the degree n and ⍵
= 2𝜋/P. Ai is the amplitude and 𝜙i is the phase shift. The two
Fourier coefficients are combined in two different forms:

𝜙𝑖𝑗 = 𝑖𝜙𝑗 − 𝑗𝜙𝑖
𝑅𝑖𝑗 = 𝐴𝑖 /𝐴𝑗
𝜙ij and Rij are the variables that were studied as they vary with the
different periods of Cepheid stars. They also show trends in
physical characteristics such as luminosity, radius, pulsation modes
and metallicity. For example, Mantegazza & Poretti (1992) were
able to define a method for distinguishing Milky Way first
overtone mode Cepheids, also called, s-Cepheids, from
fundamental mode Cepheids using Fourier coefficients. More
recently, Klagyivik et al. (2013) found a relationship between
metallicity and Fourier parameters. That relationship can allow
lead to remotely measuring the chemical makeup and variations in
large regions of galaxies, or even entire galaxies. The OGLE III
and IV surveys provided I and V magnitude light variations and
that data was used in this study to determine the individual Fourier
coefficients for each star and look for trends within them..

Method
The data used in this project was obtained from the Optical
Gravitational Lensing Experiment, or OGLE for short (OGLE
Collaboration, 2015). Additionally, data for the Large Magellenic
Cloud fundamental mode (LMC FU) stars was taken from a
previous research project by Winford & Morgan (2018). Data from
the Small Magellenic Cloud (SMC) was also obtained from the
OGLE survey. The data was separated into four different groups
within the two galaxies, the LMC and the SMC comprised of the V
and I data for the Cepheids pulsating in the fundamental mode (FU)
or the first overtone mode (FO).
The data was checked multiple times to make sure it was applicable.
The first test was examining the V magnitude light curves by eye to
make sure they did not have any large gaps in data or significant
discontinuities. The data was then fit to a Fourier function of degree
n = 8 to produce the individual coefficients. The data for the V and
I light curves were then examined for a linear relationship between
the first 3 Fourier terms with a regression fit. The experiment began
with a total of 7,565 Cepheid light curves. After the data was
checked and tested, only 5,067 light curves remained: 1966 SMC
FU, 894 SMC FO, 1420 LMC FU, 787 LMC FO. The linear best
fits for each of these final groups are compared in Figure 1.

Figure 1. Linear relationships between the V and I photometric bands for the Cepheid Fourier
Coefficients in the LMC and SMC. Data includes the linear fits for the FO and FU Cepheids in
each galaxy. The lack of variation in the lines shows similar Cepheid curves for all groups.

Results
The graphs in Figure 1. show no significant signs of variations meaning the metallicity of the
four groups is not affecting the linear relationships of the cepheid curves. This result concurs
with the results of Winford.& Morgan (2018) for the LMC FU.
The graphs in Figure 2. show some variations in the Rij data with period. In the 𝜙ij data, the FU
data for the LMC and the SMC is right on top of each other. However, in the Rij data, the FU
stars from the SMC have a noticeably higher value than the LMC stars. This could be caused by
a metallicity effect that would alter the evolution of stars that become Cepheids, such as
allowing stars of different masses to have the same periods, but different amplitudes. The lack
of shorter period stars in the LMC is an additional effect of higher metallicity in the galaxy.
Typically, the metallicity of the LMC is approximately half that of the Milky Way and the SMC
is approximately one fourth that of the Milky Way (Klagyivik, et al. 2013).

Future Research
Looking further into these variations is the next step for Cepheid research and an overlay of
Milky Way Cepheids could potentially provide some more clarity to the variation in Fourier
values due to metallicity differences such as those shown in Figure 2. In addition, the variation
in the FO mode data for the LMC and SMC Cepheids will be examined to determine if any
similar trends are observed in the Milky Way Cepheids. The pulsation modes of Milky Way
Cepheids are much more difficult to determine since they are at different distance unlike the
Cepheids of the LMC and SMC.

Figure 2. Data from the fundamental mode (FU) of the two
magellanic clouds are overlaid. The axis are the 𝜙ij and Rij data
versus the logarithm of the period. Variations in the Rij data
indicates a difference in metallicity between the two galaxies.
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